With the ever improving capabilities and efficiencies of power electronics drives, electric machines tend to be powered with higher base frequencies, in order to reduce the machines sizes, masses and costs. The iron losses constitute a growing share of the losses in electric machines, and are the dominant loss contributor in high speed machines. The accuracy of the iron losses modelling in a complete electric machines is still poor, with the use of models beyond their original intent. Many models, such as the widespread Bertotti models [1], were developed for 1D sine losses at low frequencies around 50Hz. However, electric machines have base complex spectrums due to teeth effects, 2D rotating fields [2], and high frequencies due to inverter chopping. More accurate iron losses models have to be developed to be able to simulate accurately the iron losses of a machine without the need of prototyping. The study presented here focuses on uniform rotating fields in soft magnetic materials, i.e. magnetic fields with constant magnitude but rotating direction. A mock-up allowing a mechanical measurement of iron losses in a rotating solid cylinder under a uniform magnetic field is built. Measurements with several combinations of frequencies (rotating speed) and magnetic fields (field current) have been performed. The aim is to compare the measurements with existing iron losses model, and particularly to assess the contributions of hysteresis, eddy currents and magnetic skin effect. A model of uniform 2D rotating losses will finally be proposed. The mock-up is presented on Figure 1 . The rotor is a 5mm thick solid cylinder. The airgap is 0.3mm thick, and its diameter is 80mm; it is balanced to rotate up to 3,000rpm. A higher speed mock-up will later be built. A 375 turns 10mm^2 fixed winding powered with direct current generates the constant magnetic field. The rotating sample is glued on a non-magnetic shaft; it is mounted on air bearings in order to reduce the mechanical losses. The shaft is driven by a 10Nm industrial electric motor, and the braking torque generated by the mock-up is measured: it represents the iron losses in the shaft. The Lorentz-Laplace force generated by the eddy currents are compensated by symmetry and generate no torque. At every speed, a measurement is done without field current, to measure the mechanical losses, which can be subtracted to the total losses in order to keep only iron losses. The magnetic flux will be measured by inverting the current in the field winding with two power switches, and integrating the voltage measured in a small additional coil. This mock-up has little regulation issue (regulating independently the direct current in the field winding and the speed of the driving industrial motors are classical problems), unlike hysteresisgraphs which measure the losses generated by a linear amplifier. It can particularly easily operate with high magnetic fields (up to 100kAt, equivalent to more than 100kA/m), allowing measurements with saturated material (hard to regulate with independent orthogonal linear amplifiers). The first hypothesis to be tested is the absence of hysteresis under saturation, because of the absence of magnetic domains. When the rotor is saturated, there is only one big magnetic domain in the rotor, so no Bloch wall movement and no hysteresis. This is tested with a solid pure iron rotor under a 45kAt excitation. Moreover, 5mm pure iron was chosen in order to reach sufficient power losses to be accurately measured. Later tests will be performed on 5mm solid electrical steel (FeSi, FeNi and FeCo). This case is one example that cannot be modelled by the Bertotti model. It is expected with classical eddy current models to have a torque/speed linear behaviour. The measurements performed show a torque/ speed relation around T=k*Ω^0.8 (see figure 2) , so the torque/speed is not really linear. This could be explained either by the presence of hysteresis losses, or by the impact of eddy currents which lower the magnetic flux density. This second hypothesis is being tested by a comparison with finite elements simulation, such as in [3], to check whether the material is still saturated at higher frequencies. Measurements at lower magnetic flux densities will also be compared to the standard Bertotti losses model. The loss coefficients will be determined with 1D sine measurement on a hysteresisgraph. The measured losses will be compared to the model calculations.
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The eddy current term of the Bertotti model will then be replaced by a finite element simulation of eddy currents, that takes into account the magnetic skin effect, and the measured losses are compared to this next step. This will allow to assess the proportion of hysteresis losses in the losses generated by a uniform rotating field, and to propose a new model based on the performed measurements.
